DESCRIPTION 




WIRING SUBSTRATE AND RADIATION DETECTOR USING THE 
SAME 

Technical Field 

5 [0001] The present invention relates to a wiring substrate provided with 
conduction paths for guiding an electric signal, and a radiation detector 
using it. 

Background Art 

[0002] As a radiation detector used for CT sensors and others, there is a 

10 detector of a configuration wherein, with respect to a semiconductor 
photodetecting element array such as a photodiode array, a scintillator is 
installed on a light-incident surface of the photodetecting element array. 
In the radiation detector of this type, when the radiation such as X-rays, 
y-rays, or charged particles, which is an object to be detected, is made 

15 incident on the scintillator, the radiation generates scintillation light in 
the scintillator. Then the semiconductor photodetecting elements 
detect this scintillation light, thereby detecting the radiation. 
[0003] With ^respect to the photodetecting element array, a signal 
processing element is provided in order to perform signal processing of 

20 detected signals outputted from the respective photodetecting elements. 
In this case, as a configuration for electrically connecting the 
photodetecting elements to the signal processing element, it is possible 
to use a configuration for connecting them by various wires, a 
configuration for connecting them through conduction paths provided in 

25 a wiring substrate, and so on (e.g., reference is made to Japanese Patent 
Application Laid-Open No. 8-330469). 



Disclosure of the Invention 

[0004] In the above-described radiation detector, part of the radiation 
incident on the scintillator normally passes through the scintillator and 
the photodetecting element array. In this connection, in a 

5 configuration wherein the scintillator, the photodetecting element array, 
the wiring substrate, and the signal processing element are arranged 
along a predetermined alignment direction, there arises a problem that 
the radiation having passed through the scintillator and others is incident 
through the wiring substrate into the signal processing element located 

10 downstream in the alignment direction. This incidence of the radiation 
into the signal processing element will lead to radiation damage of the 
signal processing element and, in turn, to degradation of the reliability 
and lifetime of the radiation detector. 

[0005] The present invention has been accomplished in order to solve 
15 the above problem and an object of the invention is to provide a wiring 
substrate capable of suppressing transmission of radiation, and a 
radiation detector using it. 

[0006] In order to achieve the above object, a wiring substrate 
according to the present invention is a wiring substrate provided with a 

20 conduction path for guiding an electric signal between a signal input 
surface and a signal output surface, (1) the wiring substrate comprising 
a glass substrate made of a predetermined glass material having a 
radiation shielding function, and provided with a through hole, and a 
conductive member provided in the through hole and establishing 

25 electrical continuity between the input surface and the output surface to 
function as the conduction path, (2) wherein the through hole in the 
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glass substrate is formed so that an aperture of the through hole in a 
predetermined plane perpendicular to a conduction direction from the 
signal input surface toward the signal output surface is within a region 
except for a region on an extension along the conduction direction of an 
aperture of the through hole in the signal input surface. 
[0007] The above-described wiring substrate, which is the wiring 
substrate to be used for electrical connection between radiation 
detecting means and signal processing means in a radiation detector or 
the like, is constructed using the glass substrate made of the 
predetermined glass material. The through hole of the conduction path 
provided in the glass substrate is configured so that the aperture in the 
predetermined plane is not on the extension of the aperture in the signal 
input surface, i.e., so that the through hole cannot be seen through from 
the signal input surface to the signal output surface, when viewed from 
the conduction direction perpendicular to the signal input surface. 
[0008] In this configuration, when viewed from the conduction 
direction, the glass material having the radiation shielding function is 
present somewhere between the signal input surface and the signal 
Output surface, even in the region where the through hole is provided in 
the glass substrate. This substantializes the wiring substrate capable of 
suppressing the transmission of radiation in total. 
[0009] A specific configuration of the wiring substrate is, for example, 
a configuration wherein the through hole in the glass substrate is formed 
so that a center line thereof is inclined at a predetermined angle relative 
to the conduction direction. This configuration can achieve the 
configuration wherein, where the signal output surface is defined as the 



aforementioned predetermined plane, at least the aperture in that plane 
is not on the extension of the aperture in the signal input surface. 
[0010] Another configuration is one wherein the through hole in the 
glass substrate is formed so that a center line thereof is curved relative 
to the conduction direction. This configuration can achieve the 
configuration wherein, where a plane between the signal input surface 
and the signal output surface is defined as the aforementioned 
predetermined plane, at least the aperture in that plane is not on the 
extension of the aperture in the signal input surface. 
[0011] Concerning the glass material used for the wiring substrate, it is 
preferable to adopt a configuration wherein the glass substrate is made 
of the glass material containing lead. This can effectively suppress the 
transmission of radiation in the wiring substrate. It is also possible to 
use a substrate made of another glass material having the radiation 
shielding function. 

[0012] The conduction path in the wiring substrate may be configured 
in a configuration wherein the conductive member is provided so as to 
be formed on ^n inner wall of the through hole in the glass substrate. 
Another possible configuration is such that the conductive member is 
provided so as to be filled inside the through hole in the glass substrate. 
When the conductive member in these configurations is used as the 
conduction path, the electric signal can be suitably transmitted between 
the signal input surface and the signal output surface of the wiring 
substrate. 

[0013] The glass substrate in the wiring substrate is preferably a glass 
substrate with a plurality of through holes made by fusing together and 



integrally forming a plurality of hollow glass members opening at both 
ends. It is also possible to use a substrate in configurations other than 
it. 

[0014] A radiation detector according to the present invention is a 
radiation detector comprising: (1) radiation detecting means for 
detecting an incident radiation and outputting a detected signal; (2) 
signal processing means for processing the detected signal from the 
radiation detecting means; and (3) a wiring substrate section having the 
above-described wiring substrate provided with the conduction path for 
guiding the detected signal between the signal input surface and the 
signal output surface, in which the radiation detecting means and the 
signal processing means are connected to the signal input surface and to 
the signal output surface, respectively; (4) wherein the radiation 
detecting means, the wiring substrate section, and the signal processing 
means are arranged in that order along a predetermined alignment 
direction substantially coincident with the conduction direction in the 
wiring substrate. 

[0015] In the above-described radiation detector, the wiring substrate of 
the above-described configuration wherein the through hole cannot be 
seen through from the signal input surface to the signal output surface is 
used as the wiring substrate section electrically connecting the radiation 
detecting means to the signal processing means and transmitting the 
detected signal being an electric signal. In this configuration, the glass 
material having the radiation shielding function exists at least in a part 
of the path from the signal input surface to the signal output surface, 
everywhere in the wiring substrate section. This substantializes the 



radiation detector in which the radiation does not enter the signal 
processing element, so as to suppress the degradation of the reliability 
and lifetime due to the radiation damage. 

[0016] The configuration of the radiation detecting means can be a 
5 configuration wherein the radiation detecting means has a scintillator 
for generating scintillation light upon incidence of the radiation, and a 
semiconductor photodetecting element for detecting the scintillation 
light from the scintillator. Another possible configuration is such that 
the radiation detecting means has a semiconductor detecting element for 
1 0 detecting the incident radiation. 

[0017] It is also preferable to adopt a configuration wherein at least one 
of a set of the wiring substrate section and the radiation detecting 
means, and a set of the wiring substrate section and the signal 
processing means are electrically connected through a bump electrode. 
1 5 When such a metal bump electrode is used as electric connection means, 
the sections can be suitably electrically connected. 
Brief Description of the Drawings 

[0018] Fig. 1 is a sectional side view showing a sectional structure of an 
embodiment of a wiring substrate, and a radiation detector using it. 
20 [0019] Fig. 2 is an exploded perspective view of a configuration of the 
radiation detector shown in Fig. 1 . 

[0020] Figs. 3A and 3B are plan views showing configurations of (A) a 
signal input surface and (B) a signal output surface of the wiring 
substrate. 

25 [0021] Figs. 4A to 4C are illustrations showing an example of a glass 
substrate provided with a plurality of through holes. 



[0022] Figs. 5A and 5B are illustrations showing an example of a 
configuration of a conductive member provided in a through hole of a 
wiring substrate. 

[0023] Figs. 6A and 6B are illustrations showing another example of a 
5 configuration of a conductive member provided in a through hole of a 
wiring substrate. 

[0024] Figs. 7A and 7B are illustrations showing another example of a 
configuration of a conductive member provided in a through hole of a 
wiring substrate. 

10 [0025] Figs. 8A and 8B are illustrations showing another example of a 
configuration of a conductive member provided in a through hole of a 
wiring substrate. 

Best Mode for Carrying out the Invention 

[0026] The preferred embodiments of the wiring substrate according to 
15 the present invention, and the radiation detector using it will be 
described below in detail with reference to the drawings. The same 
elements will be denoted by the same reference symbols in the 
description Qf the drawings, without redundant description. It is noted 
that dimensional ratios in the drawings do not always agree with those 
20 in the description. 

[0027] Fig. 1 is a sectional side view showing a sectional structure of an 
embodiment of the wiring substrate and the radiation detector according 
to the present invention. Fig. 2 is an exploded perspective view of 
components in the configuration of the wiring substrate and the 
25 radiation detector shown in Fig. 1 . In each of the drawings hereinafter, 
an axis along a direction of incidence of radiation is defined as z-axis, 
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and two axes perpendicular to this z-axis are defined as x-axis and y- 
axis, as shown in Figs. 1 and 2, for the convenience of description. In 
this definition, the negative direction of the z-axis is a conduction 
direction from the signal input surface toward the signal output surface 
in the wiring substrate, and alignment direction of the components in the 
radiation detector. 

[0028] The radiation detector shown in Fig. 1 is provided with a 
radiation detecting section 1, a wiring substrate section 2, and a signal 
processing section 3. These are arranged in that order from the 
upstream (the upper side in the drawing) to the downstream (the lower 
side) along the predetermined alignment direction, as shown in Fig. 2. 
[0029] The radiation detecting section 1 is a detecting means for 
detecting the radiation such as X-rays, y-rays, or charged particles 
incident as an object to be detected, into the present radiation detector 
and for outputting detected signals being electric signals corresponding 
thereto. In the present embodiment, the radiation detecting section 1 is 
composed of a scintillator 10 and a photodiode array 15. 
[0030] The scintillator 10 constitutes the upstream part of the radiation 
detecting section 1, and an upper surface 10a thereof serves as a 
radiation-incident surface in the present radiation detector. This 
scintillator 10 generates scintillation light of a predetermined 
wavelength upon incidence of the radiation through the incidence 
surface 10a. 

[0031] The photodiode array (PD array) 15 constitutes the downstream 
part of the radiation detecting section 1. This PD array 15 is a 
photodetecting element array in which a plurality of photodiodes (PDs) 
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being semiconductor photodetecting elements for detecting the 
scintillation light from the scintillator 10 are arrayed. A light exit 
surface 10b being the lower surface of the scintillator 10 is optically 
coupled to a light-incident surface 15a being the upper surface of the PD 
array 15, through an optical adhesive 11 that transmits the scintillation 
light. 

[0032] Fig. 2 shows the PD array in which 4x4=16 photodiodes 16 are 
two-dimensionally arrayed along arrangement axes of the x-axis and the 
y-axis, as a configuration example of the PD array 15. The lower 
surface 15b of the PD array 15 serves as a signal output surface for 
outputting a detected signal from each photodiode 16. On this lower 
surface 15b, there are sixteen bump electrodes 17 being electrodes for 
output of detected signals, provided in the 4x4 array corresponding to 
the respective photodiodes 16. Although not shown in particular; there 
is also provided a bump electrode for a common electrode to the 
photodiodes. 

[0033] The wiring substrate section 2 is installed downstream of the 
radiation detecting section 1. In the present embodiment, the wiring 
substrate section 2 is composed of a wiring substrate 20 provided with 
conduction paths for guiding electric signals between its signal input 
surface and signal output surface. In this wiring substrate 20, a glass 
substrate made of a predetermined glass material having the radiation 
shielding function is used as a substrate. The glass material of this 
type is preferably, for example, lead glass containing lead. 
[0034] Figs. 3 A and 3B are plan views showing the configuration of the 
wiring substrate 20, wherein Fig. 3 A shows the signal input surface 20a 



being the upper surface of the wiring substrate 20 and Fig. 3B the signal 
output surface 20b being the lower surface of the wiring substrate 20. 
[0035] The glass substrate forming the wiring substrate 20 is provided 
with a plurality of through holes 20c formed between the input surface 

5 20a and the output surface 20b. Each through hole 20c is provided 
with a conductive member 21 functioning as a conduction path to 
establish electrical continuity between the input surface 20a and the 
output surface 20b. In the present embodiment sixteen through holes 
20c and conductive members 21 are provided in a 4x4 matrix 

10 corresponding to the configuration of the PD array 15. These through 
holes 20c and conductive members 21 are formed at the same pitch as 
the bump electrodes 1 7 are on the PD array 1 5 . Although not shown in 
particular, there are also provided a through hole and a conductive 
member for the common electrode to the photodiodes. 

15 [0036] Each conductive member 21 is specifically comprised of a 
conduction portion 21c formed inside the through hole 20c, an input 
portion 21a formed on the input surface 20a so as to be continuous to 
the conduction portion 21c around the periphery of the through hole 
20c, and an output portion 21b formed on the output surface 20b so as 

20 to be continuous to the conduction portion 21c around the periphery of 
the through hole 20c. 

[0037] Each through hole 20c in the glass substrate of the wiring 
substrate 20 is formed so that, with respect to a predetermined plane 
perpendicular to the conduction direction from the signal input surface 
25 20a toward the signal output surface 20b, an aperture of the through 
hole 20c in that plane is within a region except for a region on an 
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extension along the conduction direction of the aperture of the through 
hole 20c in the signal input surface 20a. In the configuration shown in 
Fig. 1, specifically, where the signal output surface 20b, or a plane near 
it is defined as the predetermined plane, the sectional aperture of the 
through hole 20c in that plane is arranged not to be on the extension of 
the aperture in the signal input surface 20a. The conduction direction 
in the wiring substrate 20 is approximately coincident with the 
alignment direction of the components in the radiation detector, as 
shown in Fig. 2. 

[0038] Electrode pads 22 are formed in addition to the input portions 
21a of the conductive members 21, as shown in Fig. 3 A, on the input 
surface 20a of the wiring substrate 20. The electrode pads 22 are 
provided at positions corresponding to the bump electrodes 17 on the 
output surface 1 5b of the PD array 1 5 . Each of the electrode pads 22 is 
electrically connected to the input portion 21a of the corresponding 
conductive member 21 through a wiring 23. In this configuration, 
each photodiode 16 for outputting a detected signal in the PD array 15 is 
electrically connected via the bump electrode 17 and electrode pad 22 to 
the conductive member 21 being a conduction path in the wiring 
substrate 20. Although not shown in particular, there is also provided 
an electrode pad for the common electrode to the photodiodes. 
[0039] Electrode pads 24 are also formed in addition to the output 
portions 21b of the conductive members 21, as shown in Fig. 3B, on the 
output surface 20b of the wiring substrate 20. The electrode pads 24 
are provided at positions corresponding to bump electrodes 31 of signal 
processing element 30 described hereinafter. Each electrode pad 24 is 
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electrically connected to the output portion 21b of the corresponding 
conductive member 21 through a wiring 25. In addition, electrode 
pads 29 are also formed on the output surface 20b. These electrode 
pads 29 are used for connection with housing 40 described later. 
Although not shown in particular, there is also provided an electrode 
pad for the common electrode to the photodiodes. 
[0040] The signal processing section 3 and housing (package) 40 are 
installed downstream of the wiring substrate section 2. In the present 
embodiment, the signal processing section 3 is comprised of a signal 
processing element 30 equipped with a signal processing circuit for 
processing detected signals from the PD array 15 in the radiation 
detecting section 1. 

[0041] Bump electrodes 31 are formed on the upper surface of the 
signal processing element 30. These bump electrodes 31 are provided 
at positions corresponding to the electrode pads 24 on the output surface 
20b of the wiring substrate 20. In this configuration, each conductive 
member 21 being a conduction path for transmitting a detected signal in 
the wiring substrate 20 is electrically connected to the signal processing 
circuit provided in the signal processing element 30, via the output 
portion 21b, wiring 25, electrode pad 24, and bump electrode 31. 
[0042] The housing 40 is a holding member for integrally holding the 
radiation detecting section 1, wiring substrate section 2, and signal 
processing section 3. This housing 40 has an element housing part 41 
provided as a recess on the upper surface thereof and arranged to 
receive the signal processing element 30 inside, and a support part 42 
provided around the periphery of the element housing part 41, 
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connected through bump electrodes 44 to the electrode pads 29 of the 
wiring substrate 20, and supporting the radiation detecting section 1, 
wiring substrate section 2, and signal processing section 3. Leads 43 
used for input/output of electric signals from or to the outside are 

5 provided on the lower surface of the housing 40 . 

[0043] In the above configuration, when the radiation such as X-rays is 
made incident on the scintillator 10 of the radiation detecting section 1, 
the radiation generates scintillation light in the scintillator 10, and the 
scintillation light is incident through the optical adhesive 11 onto the 

10 photodiodes 16 of the PD array 15. The photodiodes 16 detect this 
scintillation light and output their respective detected signals being 
electric signals corresponding to the detection of the radiation. 
[0044] The detected signals outputted from the respective photodiodes 
16 of the PD array 15 are successively fed via the corresponding bump 

15 electrode 17, conductive member 21 of the wiring substrate 20, and 
bump electrode 31 to the signal processing element 30. Then the 
signal processing circuit of the signal processing element 30 performs 
necessary signal processing on the detected signals. 
[0045] The effects of the wiring substrate and the radiation detector 

20 according to the present embodiment will be described below. 

[0046] In the case of the wiring substrate used for the wiring substrate 
section 2 in the radiation detector shown in Figs. 1-3 A, 3B, the wiring 
substrate 20 used for electrical connection between the radiation 
detecting section and the signal processing section in the radiation 

25 detector and others is comprised of the glass substrate made of the 
predetermined glass material. Concerning each through hole 20c of 
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the conduction path provided in the glass substrate, the aperture in the 
predetermined plane perpendicular to the conduction direction is 
arranged not to be on the extension of the aperture in the signal input 
surface 20a. Namely, when viewed from the conduction direction 
5 perpendicular to the signal input surface 20a, each through hole 20c is 
arranged not to be seen through from the signal input surface 20a to the 
signal output surface 20b. 

[0047] In this configuration, when viewed from the conduction 
direction, the glass material having the radiation shielding function is 

10 present somewhere between the signal input surface 20a and the signal 
output surface 20b, even in the region where the through hole 20c is 
provided in the glass substrate of the wiring substrate 20. This 
substantializes the wiring substrate capable of suppressing the 
transmission of the radiation in total. 

15 [0048] According to the radiation detector wherein the wiring substrate 

as described above is used in the wiring substrate section 2 electrically 
connecting the radiation detecting section 1 to the signal processing 
section 3 and transmitting the detected signals being the electric signals, 
the glass material having the radiation shielding function is present at 

20 least in a part of the path between the sigual input surface 20a and the 
signal output surface 20b of the wiring substrate 20, everywhere on the 
wiring substrate section 2, when viewed from the alignment direction of 
the components in the radiation detector, approximately coincident with 
the conduction direction of the detected signals, i.e., when viewed from 

25 the direction of incidence of the radiation into the radiation detector. 
This prevents the radiation from entering the signal processing element 
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and thus substantializes the radiation detector capable of securely 
suppressing the degradation of die reliability and lifetime due to the 
radiation damage. 

[0049] The glass material used for the glass substrate in the wiring 
substrate 20 of the wiring substrate section 2 is preferably a glass 
material containing lead, as described above. The use of the lead glass 
enables effective suppression of the transmission of radiation in the 
wiring substrate section 2. Here the amount of lead included in the 
glass material is preferably properly set according to the level of the 
radiation shielding function required in the radiation detector and other 
factors. It is also possible to use glass materials other than the lead 
glass. 

[0050] Next, an explanation will be given on the wiring substrate in the 
wiring substrate section shown in Fig. 1, and on the glass substrate used 
therein. 

[0051] The wiring substrate 20, as described above, is constructed using 
the glass substrate provided with the through holes 20c for formation of 
the conductive members 21 as conduction paths between the input 
surface 20a on the radiation detecting section 1 side and the output 
surface 20b on the signal processing section 3 side. Such a glass 
substrate can be, for example, a glass substrate with a plurality of 
through holes made by fusing together and integrally forming a plurality 
of hollow glass members opening at both ends, to each other. 
[0052] Figs. 4A to 4C are illustrations showing an example of the 
above-described glass substrate provided with a plurality of through 
holes. Here is shown a general configuration example of the glass 
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substrate having a plurality of through holes. For this reason, the glass 
substrate shown in Figs. 4A to 4C is different in the shape and 
configuration from the wiring substrate used in the radiation detector 
shown in Fig. 1. 

[0053] Fig. 4A is a plan view showing the configuration of the glass 
substrate, Fig. 4B a plan view showing a configuration of a multi- 
channel member included in the glass substrate, and Fig. 4C a 
perspective view showing a configuration of a glass member included in 
the multi-channel member. These Figs. 4A to 4C show the glass 
substrate in a state without formation of the conductive members as 
conduction paths in the wiring substrate. 

[0054] The glass substrate 9 has a capillary substrate 90, as shown in 
Fig. 4A. The capillary substrate 90 includes a plurality of multi- 
channel members 92 having a plurality of through holes 93. The 
multi-channel members 92 are fused to each other in a two- 
dhnensionally arranged state to be integrated, inside an edge member 91 
made of a glass material. 

[0055] Each multi-channel member 92, as shown in Figs. 4B and 4C, is 
constructed by fusing together and integrally fonning a plurality of 
hollow glass members 95 opening at both ends, to each other, and has 
the square shape (e.g., approximately 1000 um x 1000 um) when 
viewed from the direction normal to the upper surface and lower surface 
of the capillary substrate 90. Each through hole 93 has an aperture 
portion of circular shape. The inside diameter of the through hole 93 
is, for example, approximately 6 um. 

[0056] The glass material of the edge member 91 and the glass 
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members 95 forming the capillary substrate 90 is a glass material having 
the radiation shielding function, e.g., a lead glass material, as described 
above about the radiation detector. 

[0057] The wiring substrate 20 in the radiation detector shown in Fig. 1 

5 can be, for example, one in which a conductive member as a conduction 
path is formed in each through hole in the glass substrate having the 
configuration shown in Figs. 4A to 4C. Namely, in the glass substrate 
of this configuration, the shape of the substrate, the number and 
arrangement of the through holes, etc. are set according to the 

10 configuration of the radiation detector. Then the conductive members 
as conduction paths are formed in the respective through holes in the 
glass substrate and an electric wiring pattern consisting of necessary 
electrodes and wirings is formed on each surface of the glass substrate, 
thereby obtaining the wiring substrate having the configuration as 

1 5 shown in Figs. 3 A and 3B . 

[0058] Figs. 5A and 5B are illustrations showing an example of the 
configuration of the conductive member provided in each through hole 
in the wiring substrate, wherein Fig. 5 A is a top plan view and Fig. 5B a 
sectional view taken along a line I-I and in a direction of arrows. 

20 These figures show the configuration of the conductive member 21 
being a conduction path in the wiring substrate 20 (cf. Figs. 3A and 3B). 
[0059] In the wiring substrate 20, a plurality of (e.g., 4 x 4 = 16) 
through holes 20c are two-dimensionally arrayed and each through hole 
is formed in a circular sectional shape. In this configuration example, 

25 each through hole 20c, as shown in Fig. 5B, is formed so that the center 
line thereof is inclined at a predetermined angle relative to the 
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conduction direction normal to the input surface 20a and the output 
surface 20b of the wiring substrate 20. Specifically, the through hole 
20c is formed so that, with respect to the output surface 20b 
perpendicular to the conduction direction, the sectional aperture 5b of 
the through hole 20c in that plane is not on an extension of aperture 5a 
in the input surface 20a. In this configuration, the through hole 20c is 
arranged not to be seen through from the signal input surface 20a to the 
signal output surface 20b. 

[0060] In this configuration example, this through hole 20c is provided 
with a conductive member 21 for establishing electrical continuity 
between the input surface 20a and the output surface 20b, as a member 
formed on the inner wall of the through hole 20c. Namely, a 
conduction portion 21c is formed on the inner wall in the through hole 
20c. An input portion 21a continuous to the conduction portion 21c is 
formed around the periphery of the through hole 20c on the input 
surface 20a. An output portion 21b continuous to the conduction 
portion 21c is formed around the periphery of the through hole 20c on 
the output surface 20b. These conduction portion 21c, input portion 
21a, and output portion 21b constitute the conductive member 21 as a 
conduction path in the wiring substrate 20. 

[0061] Figs. 6A and 6B are illustrations showing another example of 
the configuration of the conductive members provided in the through 
holes in the wiring substrate, wherein Fig. 6A is a top plan view and 
Fig. 6B a sectional view taken along a line E-II and in a direction of 
arrows. These figures show a configuration of a conductive member 
21 being a conduction path in the wiring substrate 20. 



18 



[0062] In the wiring substrate 20, a plurality of (e.g., 4 * 4 = 16) 
through holes 20c are two-dimensionally arrayed, and each through hole 
is formed in a circular sectional shape. In this configuration example, 
each through hole 20c, as shown in Fig. 6B, is formed so that the center 
line thereof is curved relative to the conduction direction normal to the 
input surface 20a and the output surface 20b of the wiring substrate 20. 
Specifically, the through hole 20c is formed so that, with respect to a 
predetermined plane 20d being perpendicular to the conduction 
direction and located at a predetermined position between the input 
surface 20a and the output surface 20b, a sectional aperture 5d of the 
through hole 20c in that plane is formed so as not to be on an extension 
of the aperture 5a in the input surface 20a. In this configuration, the 
through hole 20c is arranged not to be seen through from the signal 
input surface 20a to the signal output surface 20b. 
[0063] In this configuration example, this through hole 20c is provided 
with a conductive member 21 for establishing electrical continuity 
between the input surface 20a and the output surface 20b, as a member 
formed on; the inner wall of the through hole 20c. Namely, a 
conduction portion 21c is formed on the inner wall in the through hole 
20c. An input portion 21a continuous to the conduction portion 21c is 
formed around the periphery of the through hole 20c on the input 
surface 20a. An output portion 21b continuous to the conduction 
portion 21c is formed around the periphery of the through hole 20c on 
the output surface 20b. These conduction portion 21c, input portion 
21a, and output portion 21b constitute the conductive member 21 as a 
conduction path in the wiring substrate 20. 
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[0064] Figs. 7A and 7B are illustrations showing another example of 
the configuration of the conductive members provided in the through 
holes in the wiring substrate, wherein Fig. 7A is a top plan view and 
Fig. 7B a sectional view taken along a line IE-Ill and in a direction of 
arrows. These figures show a configuration of a conductive member 
21 being a conduction path in the wiring substrate 20. The 
configuration of the through hole 20c in this configuration example is 
the same as the configuration shown in Figs. 5 A and 5B. 
[0065] In this configuration example, this through hole 20c is provided 
with a conductive member 21 for establishing electrical continuity 
between the input surface 20a and the output surface 20b, as a member 
filled inside the through hole 20c. Namely, a conduction portion 2 1 c is 
filled inside the through hole 20c. An input portion 21a continuous to 
the conduction portion 21c is formed around the periphery of the 
through hole 20c on the input surface 20a. An output portion 21b 
continuous to the conduction portion 21c is formed around the periphery 
of the through hole 20c on the output surface 20b. These conduction 
portion 21c, ujput portion 21a, and output portion 21b constitute the 
conductive member 21 being a conduction path in the wiring substrate 
20. 

[0066] Figs. 8A and 8B are illustrations showing another example of 
the configuration of the conductive members provided in the through 
holes in the wiring substrate, wherein Fig. 8A is a top plan view and 
Fig. 8B a sectional view taken along a line IV-IV and in a direction of 
arrows. These figures show a configuration of a conductive member 
21 being a conduction path in the wiring substrate 20. The 
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configuration of the through hole 20c in this configuration example is 
the same as the configuration shown in Figs. 6A and 6B. 
[0067] In this configuration example, this through hole 20c is provided 
with a conductive member 21 for establishing electrical continuity 
between the input surface 20a and the output surface 20b, as a member 
filled inside the through hole 20c. Namely, a conduction portion 2 1 c is 
filled inside the through hole 20c. An input portion 21a continuous to 
the conduction portion 21c is formed around the periphery of the 
through hole 20c on the input surface 20a. An output portion 21b 
continuous to the conduction portion 21c is formed around the periphery 
of the through hole 20c on the output surface 20b. These conduction 
portion 21c, input portion 21a, and output portion 21b constitute the 
conductive member 21 being a conduction path in the wiring substrate 
20. 

[0068] The conductive members formed as conduction paths in the 
glass substrate having the plurality of through holes can be, for 
example, of one of the configurations shown in these figures 5 A, 5B to 
8A, 8B. The arrangement of conduction paths in the glass substrate to 
become the wiring substrate is preferably set according to the 
configuration of the radiation detector. One of such configurations is, 
for example, a configuration wherein through holes at positions 
necessary for the conduction paths are selected out of the plurality of 
through holes by a mask or the like and wherein the conductive 
members are formed therein. Another potential configuration is such 
that the through holes are selectively formed only at the desired 
positions of conduction paths. 
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[0069] The glass substrate used for the wiring substrate is not limited to 
the configuration shown in Figs. 4A to 4C, but another configuration 
may be used. For example, Figs. 4A to 4C show the glass substrate 
obtained as a capillary substrate made by integrating a plurality of glass 
members having respective through holes, into a multi-channel member 
and further integrating a plurality of such multi-channel members. 
Instead thereof, the capillary substrate may be directly integrally formed 
from a plurality of glass members. Concerning the shape and 
arrangement of the individual glass members and multi-channel 
members, the presence/absence or arrangement or the like of the 
through holes in the respective members, it is preferable to 
appropriately use a preferred configuration according to the 
arrangement of the conduction paths. As for the configuration of the 
through holes, the sectional shape thereof may be a polygonal shape 
other than the circular shape, e.g., the square shape. 
[0070] Next, a production method of the wiring substrate and the 
radiation detector shown in Fig. 1 will be schematically described 
together with aispecific configuration example thereof. 
[0071] The first step is to prepare a glass substrate which is made of a 
glass material having the radiation shielding function, such as lead 
glass, and in which the through holes arranged not to be seen through 
from the input surface to the output surface as described above are 
formed at the predetermined positions. Then the conductive members 
as conduction paths are formed in the through holes and electric wiring 
patterns having the necessary electrodes and wirings are further formed 
on the respective surfaces of the input surface and output surface, 
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thereby preparing the wiring substrate 20 used in the wiring substrate 
section 2. 

[0072] Specifically, for the wiring substrate in the wiring substrate 
section 2, the conductive member 21 consisting of the conduction 
portion 21c, input portion 21a, and output portion 21b is formed in each 
through hole 20c provided in the glass substrate; the electrode pads 22 
and wirings 23 are formed on the input surface 20a thereof; the 
electrode pads 24, 29 and wirings 25 are formed on the output surface 
20b, thereby forming the wiring substrate 20. 

[0073] The aforementioned conductive members and electric wiring 
patterns formed on the glass substrate can be made, for example, from 
an electroconductive metal layer of titanium nitride (TiN), nickel (Ni), 
aluminum (Al), chromium (Cr), copper (Cu), silver (Ag), gold (Au), or 
one of alloys thereof. Such a metal layer may be a single metal layer, 
or a composite film or a laminate film. As a specific forming method 
of the metal layer, it is possible to use a method of providing a mask in a 
desired pattern on a glass substrate, forming a metal film by evaporation 
(physical vapor deposition (PVD) or chemical vapor deposition (CVD)), 
plating, or sputtering, and thereafter removing the mask. Bump 
electrodes are further formed on the wiring substrate 20 according to 
need in certain cases. 

[0074] After fabrication of the wiring substrate section 2 consisting of 
the wiring substrate 20, an IC chip of the signal processing element 30 
with bump electrodes 31 thereon is aligned with the electrode pads 24 
provided on the -output surface 20b of the wiring substrate 20, and they 
are physically and electrically connected. The PD array 15 with bump 
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electrodes 17 thereon is then aligned with the electrode pads 22 
provided on the input surface 20a of the wiring substrate 20, and they 
are physically and electrically connected. 

[0075] A bump material for forming the bump electrodes 31, 17 can be, 
5 for example, nickel (Ni), copper (Cu), silver (Ag), gold (Au), solder, a 
resin containing an electroconductive filler, or one of composite 
materials thereof. In addition, under bump metal (UBM) may be 
interposed between the bump electrodes and the electrode pads under 
them. 

10 [0076] Subsequently, the housing 40 with bump electrodes 44 thereon 
is aligned with the electrode pads 29 provided on the output surface 20b 
of the wiring substrate 20, and they are physically and electrically 
connected. The above enables the input/output operation of signals 
from and to an external circuit through the leads 43 provided on the 

15 housing 40. Furthermore, the scintillator 10 is mounted through the 
optical adhesive 11 on the light-incident surface 15a of the PD array 15, 
thereby obtaining the radiation detector shown in Fig. 1 . 
[0077] Here the PD array 15 provided as a semiconductor 
photodetecting element array in the radiation detecting section 1 may be 

20 of a front incidence type in which the photodiodes are formed on the 
light-incident surface (front surface) 15a, or of a back incidence type in 
which the photodiodes are formed on the signal output surface (back 
surface) 15b. The number, arrangement, etc. of the photodiodes being 
the photodetecting elements may be optionally set. 

25 [0078] The configuration for outputting the detected signals of the 
photodiodes from the output surface 15b can be, for example, a 
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configuration based on a wiring pattern formed on the output surface 
15b, a configuration based on feed-through electrodes formed in the PD 
array 15, or the like, according to the specific configuration of the PD 
array. 

[0079] The radiation detector shown in Fig. 1 uses as a configuration of 
the radiation detecting section 1, the configuration having the 
scintillator 10 for generating the scintillation light upon incidence of 
radiation, and the PD array 15 with photodiodes 16 as semiconductor 
photodetecting elements for detecting the scintillation light from the 
scintillator 10. This configuration is a configuration of an indirect 
detecting type in which the incident radiation such as X-rays is 
converted into light of a predetermined wavelength (e.g., visible light) 
by the scintillator 10 and in which thereafter the light is detected by the 
semiconductor photodetecting elements such as an Si-PD array. 
[0080] Another possible configuration is such that the radiation 
detecting section has semiconductor detecting elements for detecting the 
incident radiation, without provision of the scintillator. This 
configuration is a configuration of a direct detecting type in which the 
incident radiation such as X-rays is detected by the semiconductor 
detecting elements of CdTe or the like. This is equivalent to a 
configuration obtained, for example, by ehminating the scintillator 10 
from the configuration of Fig. 1 and replacing the PD array 15 by a 
semiconductor detecting element array. 

[0081] For the connection between the wiring substrate section 2 and 
the radiation detecting section 1, the connection between the wiring 
substrate section 2 and the signal processing section 3, etc., it is 
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preferable to use the direct bonding method by electric connection 
through the bump electrodes, as in the above embodiments. Each of 
the sections can be suitably electrically connected by using such metal 
bump electrodes as electric connection means. 

[0082] Other potential configurations than the configuration using such 
bump electrodes include a configuration in which an under-fill resin is 
charged after connection with the bump electrodes, configurations by 
anisotropic conductive film (ACF) method, anisotropic conductive paste 
(ACP) method, and non-conductive paste (NCP) method, and so on. 
For each of the substrates, a passivation film made of an insulating 
material may be formed in an opening state of the electrode pads if 
necessary. 

Industrial Applicability 

[0083] The wiring substrate, and the radiation detector using it 
according to the present invention are applicable as a wiring substrate 
and a radiation detector capable of suppressing the transmission of 
radiation. Namely, the wiring substrate used for electrical connection 
between the ratliation detecting means and the signal processing means 
in the radiation detector and others is constructed using the glass 
substrate made of the predetermined glass material, and each through 
hole as a conduction path provided in the glass substrate is arranged so 
that the aperture in the predetermined plane is not on the extension of 
the aperture in the signal input surface, i.e., so that the through hole 
cannot be seen through from the signal input surface to the signal output 
surface when viewed from the conduction direction perpendicular to the 
signal input surface; whereby the glass material having the radiation 
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shielding function is present somewhere between the signal input 
surface and the signal output surface, when viewed from the conduction 
direction, even in the region where the through hole is provided in the 
glass substrate. This substantializes the wiring substrate capable of 
suppressing the transmission of radiation in total. 
[0084] In the radiation detector in which the wiring substrate of the 
above configuration is applied to the wiring substrate section, the glass 
material having the radiation shielding function is present at least in a 
part of the path from the signal input surface to the signal output 
surface, everywhere in the wiring substrate section. This prevents the 
radiation from entering the signal processing element, and 
substantializes the radiation detector capable of suppressing the 
degradation of the reliability and lifetime due to the radiation damage. 
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